Although cartilage lesions had been directly examined and described as far back as the early 20 th century, the etiology of chondromalacia of the patella was not well understood when Outerbridge published his first paper on the subject in 1961 [15] . In this initial study, he evaluated the cartilage of the patella during 196 medial meniscectomies to better understand how chondromalacia progressed and which areas of the patella were primarily affected. He found that chondromalacia was most common on the medial facet as a result of constant friction with a rim on the upper border of the medial femoral condyle. He also noted the incidence of chondromalacia of the patella to be approximately 50% in patients who underwent open medial meniscectomy, even in the absence of symptoms. To better understand the etiology of chondromalacia of the patella, Outerbridge developed his classification system describing varying severity of cartilage lesions by direct visualization, which he continued to use in his subsequent papers [15] [16] [17] . Since
History
Although cartilage lesions had been directly examined and described as far back as the early 20 th century, the etiology of chondromalacia of the patella was not well understood when Outerbridge published his first paper on the subject in 1961 [15] . In this initial study, he evaluated the cartilage of the patella during 196 medial meniscectomies to better understand how chondromalacia progressed and which areas of the patella were primarily affected. He found that chondromalacia was most common on the medial facet as a result of constant friction with a rim on the upper border of the medial femoral condyle. He also noted the incidence of chondromalacia of the patella to be approximately 50% in patients who underwent open medial meniscectomy, even in the absence of symptoms. To better understand the etiology of chondromalacia of the patella, Outerbridge developed his classification system describing varying severity of cartilage lesions by direct visualization, which he continued to use in his subsequent papers [15] [16] [17] . Since the introduction of Outerbridge's classification system originally designed for chondromalacia of the patella, it has been adapted to include the entire knee in 1989 and other joints since then [2, 8, 13] .
In addition to Outerbridge's scheme, there are several other classification schemes describing chondral lesions. These include the modified Collins [6] and French Society of Arthroscopy (FSA) systems [13] designed for the knee as well as Beck's [3] and Konan's [9] designed for the hip. Aside from the studies referenced in this review, there is very little reported on the Collins or FSA classification systems. Collins' system was published before Outerbridge's original paper but, along with the FSA system, has failed to gain widespread popularity. The Beck scheme is based on findings during surgical dislocation of the hip and Konan's classification is fairly new with only two studies assessing its reliability [1] . Despite other proposed systems, the Outerbridge system continues to be the most widely used, which warrants investigation into its reliability.
Purpose
In 1961, when the Outerbridge system was originally developed, it was used as a purely descriptive system to better understand the etiology of chondromalacia of the patella. Since then, it has been used to describe cartilage lesions in the knee, hip, and shoulder [2, 7, 8, 19] . The system is largely used to facilitate communication between surgeons. Although it has not been demonstrated to guide treatment, several studies have used the Outerbridge scheme to group patients for clinical research and for prognostic purposes [2, 7, 8, 19] .
Accurately defining defect severity is also important for surgical planning and patient education.
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Description
Based on direct visualization of the joint, either arthroscopic or open, the Outerbridge classification system was developed to be a simple, easy-to-use, and reproducible grading system of articular cartilage lesions. The system assigns a grade of 0 through IV to the chondral area of interest (Fig. 1) . Grade 0 signifies normal cartilage. Grade I chondral lesions are characterized by softening and swelling, which often require tactile feedback with a probe or other instrument to assess. A Grade II lesion describes a partial-thickness defect with fissures that do not exceed 0.5 inches in diameter or reach subchondral bone. Grade III is fissuring of the cartilage with a diameter > 0.5 inches with an area reaching subchondral bone. The most severe is Grade IV, which includes erosion of the articular cartilage that exposes subchondral bone [15, 16] .
Validation
Studies that have evaluated the reliability of Outerbridge's classification system either use arthroscopic video or another imaging modality for comparison. The studies that have looked at the reproducibility of the scheme using arthroscopy videos have shown interobserver reliability ranging from a k coefficient of 0.28 to 0.52 and intraobserver reproducibility ranging from a k coefficient of 0.29 to 0.8 (Table 1) [1, 4, 5, 10, 11] . In these studies. Brismar et al. [4] , Cameron et al. [5] , Marx et al. [11] , and Amenabar et al. [1] all used fully trained orthopaedic surgeons for reviewers, whereas Lasmar et al. [10] had two third-year residents along with four orthopaedic surgeons review their videos, demonstrating a clear intraobserver reliability discrepancy between the levels of training (k = -0.06 versus 0.50). Cameron et al. [5] also found a discrepancy in reliability based on level of experience with the two surgeons in practice for > 5 years having an interobserver agreement of k = 0.72 and those surgeons with less experience averaging k = 0.50. This study also found a 68% concordance between the participating observers' arthroscopic evaluation and direct measurement with calipers (depth and width of lesions) at arthrotomy made by those same observers [5] .
Brismar et al.'s study [4] compared the modified Collins and FSA classification systems as well as Outerbridge and found no difference among the three, concluding that none [3] and Konan [9] ). They found no difference between the systems regarding intraobserver reliability, but Konan's system was noted to have superior interobserver reliability in the hip. Lower reliability with the Outerbridge system compared with other schemes was believed to be a result of the specific chondral damage pattern usually caused by femoroacetabular impingement and the anatomy of the chondrolabral junction [1] .
Studies that used imaging as a method of comparison (Table 1) found an interobserver reliability ranging from fair (k = 0.35, CT arthrograms) to almost perfect (k = 0.93, MR images) [14, 18] . Among these studies, Omoumi et al. [14] , who used radiologists to evaluate CT arthrograms without a direct visual comparison, was the only study to test intraobserver reliability (k = 0.59-0.92). This study found that more experienced radiologists in general had higher k values for intraobserver reliability. The highest interobserver reliability for Outerbridge's scheme comes from Potter et al.'s [18] study that compared MR images of the knee with an arthroscopic evaluation. The two radiologists and three orthopaedic surgeons found an almost perfect (0.93) k statistic.
The Outerbridge system has also proven to have some prognostic value. Sofu et al. [19] has shown Grade III and IV knee lesions to have worse visual analog scores and Lysholm scores after arthroscopic partial meniscectomy. Bateman et al. [2] demonstrated worse functional outcomes after arthroscopic shoulder posterior labral tear repairs in patients with Grade III lesions or higher. Kemp et al. [8] also found that patients who had Outerbridge Grade III and IV lesions found during hip arthroscopy for femoroacetabular impingement had worse pain and function at 18 months postsurgery compared with lower grade chondral lesions.
Limitations
Although widely used both in clinical and research settings over the past several decades, the Outerbridge classification system has several limitations. The most common criticism of this classification is its inconsistent and poor reproducibility among orthopaedic surgeons. The overall interobserver reliability ranged only from weak (k = 0.28) [1] to moderate (k = 0.52) [5] , whereas intraobserver agreement was slightly better ranging from weak (k = 0.29) [10] to substantial (k = 0.8) [5] . However, some studies have mentioned that the amount of experience among reviewers affects the reliability of the system with more experienced surgeons having better reliability [5, 10] . Arthroscopy may also make it somewhat difficult to adequately differentiate the size of the lesion between Grades 2 and 3 as well as visualizing the softness and swelling needed to assign a Grade 1 [1] . Such variations in reliability suggest that the criteria for the Outerbridge system needs modification and/ or advanced imaging (MRI) implemented into the scheme. The current crude macroscopic method used in Outerbridge grades may work to communicate cartilage lesion severity between surgeons, but the literature does not support its reliability for research purposes.
In the studies evaluating the reliability of the Outerbridge classification system through arthroscopic videos, there was a common limitation of small sample sizes, which ranged from six patients to 40 [1] . Additionally, there has been a relatively small number of studies validating the reliability of the Outerbridge classification system. In studies using direct visualization to assess this system, only five studies measured interobserver agreement and only four measured intraobserver agreement. Each study that evaluated the Outerbridge classification as the reference grading system used video recordings of knee arthroscopy, thus preventing grading surgeons from using tactile feedback as a cartilage assessment tool. This tactile feedback is especially critical because roughness and softening of the cartilage are important for appropriate grading [11] . Any future studies on the present Outerbridge system's reliability should incorporate tactile feedback into the methodology, which may limit the study to only assessing interobserver reliability during arthroscopic surgery or the use of cadaver knees. The Outerbridge classification system also does not provide a clear correlation with disease prognosis or a guide to treatment. There are only a few studies that have shown some prognostic value to the Outerbridge system [2, 8, 12, 19] and no studies were found in this review that discuss treatment guidance. Because these are two key features that a classification system should incorporate, their absence remains a major limitation for this system.
Conclusions
The inter-and intraobserver agreement for the Outerbridge classification system for chondral lesions ranges from fair to substantial. This inconsistent reliability remains a substantial limitation of this system. Although the Outerbridge scheme remains the most widespread classification system for grading cartilage lesions, it fails to guide treatment decisions and there is little evidence that it provides much prognostic information. To further evaluate Outerbridge's system, future research should include validation studies with larger sample sizes, methodology that allows for tactile feedback, and evaluation in a variety of joints for more accurate assessment of articular cartilage morphology. Outerbridge and similar macroscopic classification schemes that evaluate chondral lesions fail to provide the confidence needed for use in research settings. This system is > 50 years old and does not incorporate the advances in imaging technology over that timeframe. The best reliability found in this review compared arthroscopic and MR images. The authors recommend that the Outerbridge system and any future macroscopic grading system of chondral lesions need to incorporate advanced imaging (MRI) to achieve the reliability needed for a successful classification system.
